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(54) V-belt pulley and continuously variable transmission using the same 



(57) A pulley for use with an endless metal belt, 
including pulley halves rotataktle about an axis. The pul- 
ley halves include truncated conical portions symmetri- 
cally opposed to each other and outer surfaces 
disposed on the truncated conical portions so as to be 
engageable with the belt. The outer surface of each pul- 
ley half has a centeriine average roughness (Ra) of 0.1 
to 0.5 fim, a Vickers hardness (Hv) of not less than 850 
at a load of 200 g, and a microstructure with randomf ine 
irregularities in which a great number of recesses and 
projections are randomly located. A continuously varia- 
ble transmission Including the pidley is also disclosed. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a pulley useable In power transmissions of vehicles and industrial equip- 
ments, and more specifically to a pulley useable with a V-shaped driving belt in a continuously variable transmission 
(CVT) of vehicles and the CVT using the pulley. 

[0002] Among the conventionally proposed power transmissions of vehicles and industrial equipments, there are 
known two types of transmissions adapted to variably transmit revolutions through an input shaft to an output shaft. One 
10 type of transmissions is a gear train type including a plurality of meshing gears and the other type is a belt-driven CVT 
including a driving belt. 

[0003] The belt-driven CVT conventionally proposed includes an input pulley connected with a power source such 
as an engine, and an output pulley drivingly connected with the input pulley through an endless driving belt that is dis- 
posed therebetween and made of metcU. The pulleys each define V-shaped grooves in which the driving belt Is located. 
15 The width of the V-shaped groove of each pulley is variable in a direction of a revolution axis of the pulleys. The revolu- 
tion of the input pulley is continuously variably transmitted to the output pulley depending on continuous variation of the 
widths of the V-shaped grooves of the pulleys. The CVT of this type is disclosed in **C4 Automatic Transaxle" of New 
Model Car Manual titled "NISSAN Primera Primera Camino" pijddlished in September, 1997. 

[0004] There has conventionally been proposed a pulley for the belt-driven CVT. The pulley is made using a work- 
so piece made of a case hardening steel. The workpiece is subjected to carburizing-quenching and tempering, and then r^"\ 
to grinding so as to form on the outer circumferential periphery, contact surfaces that are in contact with the belt when 
the belt is placed in the V-shaped groove of the pulley. 

[0005] There is also known an endless driving belt for the CVT, that includes a multi-layered ring composed of a 
plurality of ring-shaped bands laminated on one another and a plurality of V-shaped elements continuously arranged 

25 side-by-side along the circumferential direction of the multi-layered ring. Each of the V-shaped elements has side faces 
that are in contact with the contact surfaces of each of the pulleys upon the driving belt being engaged with the V- 
shaped groove of the pulley. The V-shaped element is produced from a workpiece made of a suitable steel selected 
from carbon steels or alby steels used for machines. cartx>n tool steels, alloy tool steels and the like. In the production 
of the V-shaped elements, the workpiece is subjected to a suitable heat treatment such as quenching and tempering, 

30 carkxjrizing-quenching and tempering, carbonitriding-quenching and tempering, induction-hardening and tempering, 
induction-hardening and the like. 

[0006] United States Patent No. 5.011.461 discloses a driving belt used in tiie belt-driven CVT. The driving t>elt 
includes an endless carrier with transverse elements disposed on the endless carrier. The transverse elements are pro- 
vided with side faces mating with contact surfaces of tiie pulleys that define the V-shaped grooves therebetween, 
35 respectively The side faces are formed with ridges and grooves. The ridges and grooves extend straightiy or slantly rel- 
ative to the longitudinal direction of the endless carrier. This arrangement is provided for discharging oil and restraining 
slip caused by an oil f iini that is formed between the contact surface of each pulley and tiie side lace of each transverse 
element. 

40 SUMMARY OF THE INVENTION O 

[0007] There is a demand for providing a pulley for the t)elt-driven continuously variable transmission (CVT) that 
has a reduced size and can transmit an inaeased torque, for the purpose of reducing weight of vehicles and improving 
fuel economy in view of influences on environmental circumstances in feature. 

45 [0008] Assuming that the conventionally proposed pulley is used in the belt-driven CVT and operated by a high- 
power engine with high torque output, the contact surfaces of the pulley that are in friction contact with the belt tend to 
be adhered to the opposed surface of the belt or peeled off. This is because the contact surfaces of the pulley have less 
wear-resistance resulting from selection of materials for the pulley and heat treatment as conventionally proposed. The 
adhesion or peel-off of the contact surfaces of the pulley will cause decrease in torque transmission performance of the 

50 CVT. In the case of using the pulleys made of materials selected and subjected to the heat treatment as conventionally 
proposed, it, therefore, will be required to increase a distance between pulley-supporting shafts or change a configura- 
tion of the belt. 

[0009] It is an object of the present invention to provide a pulley having highly wear-resistive outer surfaces brought 
into contact with a belt of the CVT, and thus being endurable even when used in a high-torque engine operation. arKi to 
55 provide a belt-driven CVT using the pulley. 

[001 0] It is a further object of the present invention to provide a pulley having a reduced size and a belt-driven CVT 
using the pulley. 

[001 1] According to one aspect of the present invention, there is provided a pulley for use with an endless metal 
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belt, comprising: 

pulley halves rotatable about an axis and relatively moveable in a direction of the axis, the pulley halves including 
truncated conical portions symmetrically opposed to each other and outer surfaces disposed on the truncated con- 
5 teal portions so as to be engageable with the endless metal belt, the outer surlaces being axially opposed to eiach 
other and sloped relative to the axis, the outer surfaces having a centeriine average roughness (Ra) of 0.1 to 0.5 
^m and a Vickers hardness (Hv) of not less than 850 at a load of 200 g. 

[001 2] According to another aspect of the present invention, there is provided a continuously variable transmission, 
10 comprising: 

an input shaft; 
an output shaft; 

a first pulley disposed on the input shaft, the first pulley including first truncated conical portions symmetrically 
75 opposed to each other and a first contact surface disposed on the first truncated conical portions; 

a second pulley disposed on the output shaft, the second pulley including second truncated conical portions sym- 
metrically opposed to each other and a second contact surface disposed on the second truncated conical portions; 
and 

an endless metal belt connecting the first pulley and the second pulley, the endless metal belt including a surface 
20 engaged with the first contact surface and the seoond contact surfeice; 

at least one of the first contact surface and the second contact surface having a centeriine average roughness (Ra) 
of 0.1 to 0.5 ^m and a Vickers hardness (Hv) of not less than 850 at a load of 200 g. 

[001 3] According to a further aspect of the present invention, there is provided a process for making a pulley includ- 
es ing a contact surface, comprising: 

forming a preform from a workpiece made of alloy steel that contains at least manganese (Mn) and chromium (Cr); 
subjecting the preform to cariDurizing<)uenching and tempering so as to have an effective case depth of not less 
than 0.7 mm with respect to a reference Vickers hardness (Hv) of 550 at a load of 200 g; 
30 grinding the preform to provide an outer surface; and 

shot-peening the outer surface of the preform to provide the contact surface with a centeriine average roughness 
(Ra) of 0.1 to 0.5 [im and a Vickers hardness (Hv) of not less tiian 850 at a load of 200 g. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 Is a section of a belt-driven continuously variable transmission (CVT) including an embodiment of a pulley 
according to the present invention; 
AO Fig. 2 is a contour map showing a microstructure of an outer surface of the pulley; and 

Figs. 3A and 36 are perspective views showing a part of an endless driving belt for the CVT of Fig. 1 and an ele- 
ment composing the belt, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

[001 5] Referring now to Fig. 1 . there is shown a belt-driven continuously variakde transmission (CVT) to which a pul- 
ley according to the present invention is used. 

[001 6] As illustirated in Rg. 1 . the CVT includes an input pulley or sheave 1 disposed on an input shaft Si . The input 
pulley 1 is connected to a power source (not shown) such as an engine through the input shaft Si and a clutch (not 

SO shown) connected with the input shaft SI . The input pulley 1 is rotatable about an axis X and includes a contact surface 
brought into contact with an endless metal belt 6 as explained later Specifically, the input pulley 1 includes two pulley 
halves 2 and 4 rotatable about the axis X and relatively moveable in a direction of the axis X. The axially fixed pulley 
half 2 is formed integrally with the input shaft SI and the axially moveable pulley half 4 is connected with the fixed pulley 
half 2. The fixed and moveable pulley halves 2 and 4 include truncated conical portions 2A and 4A symmetrically 

55 opposed to each other and hub portions 2B and 4B connected witti the conical portions 2A and 4A. Each of the trun- 
cated conical portions 2A and 4A includes circumferential outer surfaces 3 and 5. The circumferential outer surfaces 3 
and 5 are axially opposed to each other and sloped relative to the axis X. The outer surfaces 3 and 5 define tiie contact 
surface of the input pulley 1 and cooperate to define a V-shaped drcumferentiai groove therebetween. 
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[0017] The CVT also includes an output pulley or sheave 1 1 rotatable about an axis Y and disposed on an output 
shaft S2. The output pulley 1 1 has a similar structure as the input pulley 1. The output pulley 1 1 has a contact surface 
brought into contact with the endless metal belt 6. The output pulley 1 1 includes pulley halves 1 2 and 1 4 rotatable about 
the axis Y and relatively moveable in a direction of the axis Y The pulley half 12 is axially fixed and formed integrally 

5 wnth the output shaft 82 and the pulley half 1 4 is axially moveably connected with the fixed pulley half 1 2. The fixed and 
moveable pulley halves 12 and 1 4 include truncated conical portions 1 2A and 1 4A symmetrically opposed to each other 
and hub portions 1 2B and 14B connected with the conical portionsi 2A and 1 4A. Each of the truncated conical portions 
12A and 14A includes circumferential outer surfaces 13 and 15 that are axially opposed to each other and sloped rela- 
tive to the axis Y The outer surfaces 13 and 15 define the contact surface of the output pulley 11 and cooperate to 

70 define a V-shaped circumferential groove therebetween. 

[001 8] At least one of the contact surface of the input pulley l and the contact surface of the output pulley 1 1 has a 
centerline average roughness (Ra) of 0.1 to 0.5 fim and a Vickers hardness (Hv) of not less than 850 at a load of 200 
g. In this embodiment, the contact surface of the input pulley 1 , namely, the axially opposed outer surfaces 3 and 5 of 
the fixed and moveable pulley halves 2 and 4 have the centerline average roughness (Ra) of 0. 1 to 0.5 ^m and the Vick- 

75 ers hardness (Hv) of not less than 850 at the load of 200 g. The centerline average roughness (Ra) is prescribed in the 
Japanese Industrial Standard (JIS) B0601-1994. In a case where the Ra of the outer surfaces 3 and 5 is less than 0.1 
^m, the frictional force between the outer surfaces 3 and 5 and the side surfaces 6F of the blocks 68 of the belt 6 
becomes undesirably low. If the Ra of the outer surfaces 3 and 5 is more than 0.5 pm. sufficient wear and abrasion 
resistance of the outer sur^ces 3 and 5 tiiat is aimed by the present invention cannot be exNbited. If the Hv of the outer 

20 surfaces 3 and 5 is less than 850. then the aimed sufficient wear and abrasion resistance of the outer surfaces 3 arxi 5 
cannot be exhibited. Further, it is preferable thiat the outer surfaces 3 and 5 have at a depth of 3 to 5 ^m from the outer- 
most portions thereof the Vickers hardness (Hv) of not less than 850, and more preferably not less than 900 at the load 
of 200 g. This can reduce or substantially completely restrain the wear that will be caused at the outer-nrK>st portions of 
the outer surfoces. 

25 [001 9] In addition, it is preferakde that the contact surface, namely, the axially opposed outer surfaces 3 and 5 of the 
pulley halves 2 and 4 of the input pulley 1 has a maximum height (Ry) of 0.6 to 2.5 ^m. This can prevent an increase in 
depth of wear that will occur when the surface roughness of the outer surfaces 3 and 5 become excessive. If the Ry is 
less than 0.6 ^m, the frictional force between each outer surface 3 and 5 and the corresponding side surface 6F of each 
block 68 of the belt 6 becomes undesirably low. If the Ry is more than 2.5 ^m, then the aimed sufficient wear arxj abra- 

30 sion resistance of the outer surfaces 3 and 5 cannot be exhibited. The maximum height (Ry) also is prescribed in the 
Japanese Indistrial Standard (JIS) B0601-1994. 

[0020] Further, a compressive residual stress at the outer-most portion of each of the outer surfaces 3 and 5 of the 
pulley halves 2 and 4 of tiie input pulley 1 is not less than 1 GPa. This can further reduce the wear caused on the outer 
surfaces 3 and 5. tf the compressive residual stress is less than 1 GPa. the aimed sufficient wear and abrasion resist- 

35 ance of the outer surfaces 3 and 5 cannot be exhibited. 

[0021] Furthermore, each of the outer surfaces 3 and 5 of the pulley halves 2 and 4 of the input pulley 1 has a 
microstructure with random fine irregularities in which a great number of recesses and projections are randomly 
located. The microstructure is shown in Fig. 2 and will be explained later by Examples. With provision of the microstruc- 
ture. the wear of the contact surfaces 3 and 5 that results from adhesion to the belt 6 can be prevented. 

40 [0022] The endless metal t^lt 6 is disposed in the respective V-shaped circumferential grooves between the 
opposed outer surfaces 3 and 5 of the pulley halves 2 and 4 of the input pulley 1 and between the opposed outer sur- 
faces 1 3 arxi 1 5 of the pulley halves 1 2 and 1 4 of the output pulley 1 1 . The input pulley 1 and the output pulley 1 1 are 
operatively connected by the belt 6. Specifically, as illustrated in Fig. 3A, the metal belt 6 includes two spaced rings 6A 
and a plurality of generally V-shaped tDlocks 68 carried by the ring 6A. Each ring 6A has a multi-layered structure com- 

45 prising a plurality of endless bands laminated on one another. The kslocks 68 are arranged in series and closely contact 
witii each other in the circumferential direction of the ring 6A. Each block 68 has opposed recesses 6R extending trans- 
versely relative to the circumferential direction of the ring 6A, as illustrated in Fig. 38. The rings 6A are fitted to the 
recessed portions 6R. The block 68 has opposed side surfaces 6F disposed below the recessed portions 6R. The side 
surfaces 6F are in contact with the outer surfaces 3 and 5 of the pulley halves 2 and 4 of the input pulley 1 and the outer 

so surfaces 13 and 15 of the pulley halves 12 and 14 of the output pulley 1 1 as shown in Fig. 1 , when the belt 6 is placed 
in the V-shaped circumferential grooves t>etween the pulley halves 2 and 4 of the input pulley 1 and the pulley halves 
12 and 14 of the output pulley 11. 

[0023] The moveable pulley halves 4 and 14 of the input pulley 1 and the output pulley 1 1 are slidably supported by 
ball splines 7 and 1 7 on tiie hub portions 28 and 1 28 of tiie fixed pulley halves 2 and 12 of the input pulley 1 and tiie 
55 output pulley 1 1 , respectively. The ball spline 7 on the input pulley side includes an axially extending grpove 8 formed 
in an outer circumferential surface of the hub portion 28. and an axially extending groove 9 formed in an inner circum- 
ferential surface of the hub portion 48 of the moveable pulley half 4. The grooves 8 and 9 each have a semi-circular 
section and cooperate to form an axieil groove having a circular section, in which steel balls 10 are received. Similarly. 
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the ball spline 17 on the output pulley side includes axially extending grooves 18 and 19 each having a semi-circular 
section. The grooves 1 8 and 19 are formed in an outer circumferential surfeice of the hub portion 12B of the fixed pulley > 
half 12 and an inner circumferential surface of the hub portion 14B of the moveable pulley half 14, respectively. Steel 
balls 20 are received in an axial groove formed by the semi-circular grooves 18 and 19. 

5 [0024] The nxyveable pulley halves 4 and 14 of the input pulley 1 and the output pulley 1 1 are moved by a suitable 
actuating means such as hydraulic pressure along the hub portions 2B and 128 of the corresponding fixed pulley halves 
2 and 12 thereof, respectively An operating diameter of the belt 6 between the input pulley 1 and the output pulley 11 
is continuously adjustable by continuously changing widths of the V-shaped circumferential grooves of the input pulley 
1 and the output pulley 1 1 . Owing to the continuous adjustment of the operating diameter of the belt 6. the rotation of 

10 the output pulley 1 1 can be continuously variably transmitted to the output shaft S2. In a case where the width 1 w of the 
V-shaped circumferential groove of the input pulley 1 is increased and the width I1w of the V-shaped circumferential 
groove of the output pulley 1 1 is decreased, the rotation of the input pulley 1 is decelerated and transmitted to the output 
pulley 11 . In this state, an engine speed is in a low range. Conversely, in a case where the width 1 w of the V-shaped 
circumferential groove of the input pulley 1 is decreased and the width 1 1 w of the V-shaped circumferential groove of 

15 the output pulley 1 1 is increased, the rotation of the input pulley 1 is accelerated and transmitted to the output pulley 1 1 . 
The engine speed is in an overdrive range. 

[0025] With the arrangement of the CVT as described above, the engine torque is transmitted from the input pulley 
1 to the output pulley 1 1 via the belt 6 and then to gears, a differential, drive axles and wheels (not shown). 
[0026] Atthough the pulley of the present invention is applied to the input pulley 1 in the above embodiment, it can 
20 be applied to the output pulley 1 1 and both of the input pulley 1 and the output pulley 1 1 . 

[0027] Further, the CVT of the present invention may be applied to a power transmission of vehicles and industrial 
equipments, and specially preferably to a transmission of vehicles. 

[0028] A process for making the pulley including the contact surface that has the surface roughness and surface 
hardness as described above, now is explained. It should t>e noted that each of the input pulley 1 and the output pulley 
25 11 can be produced by the similar process. The process is merely illustrative and it may not be limited thereto. 

[0029] First, a workpiece for each pulley half of the pulley that is made of alloy steel containing at least manganese 
(Mn) and chromium (Cr) is prepared and formed into a preform having a generally pulley half shape explained in tiie 
above enfoodiment. The alloy steel may be of a known kind used for machine structures. 

[0030] Next, the thus-obtained preform is treated by caiburizing-quenching and tempering so as to have an effec- 
30 tive case depth of not less than 0.7 mm with respective to a reference Vickers hardness (Hv) of 550 at a load of 200 g. 
[0031 ] Subsequently, the heat-treated preform is subjected to grinding so as to be provided with an outer circum- 
ferential surface that acts as the contact surface of the pulley 

[0032] Then, the outer circumferential surface of the preform is subjected to shoti3eening so as to have the center- 
line average roughness (Ra) of 0.1 to 0.5 ^m and the Vickers hardness (Hv) of not less than 850 at the load of 200 g. 

35 In the shot-peening process, the outer circumferential surface of the preform also is provided with the miaostiructure 
having the random fine irregularities. Namely a great numt)er of recesses and projections are randomly located on the 
outer circumferential surface. Thus, each of the pulley halves are produced and then assembled into tiie integral pulley. 
[0033] Material containing no Mn and Or is unsuitable for the workpiece. This is because, in the case of using the 
workpiece made of the material containing no Mn and Cr, the hardenabillty is low and. therefore, the preform has an 

40 irKJompletely hardened structure. This tends to fail to achieve the above-described sufficient hardness of the contact 
* surface of the pulley Further, it is not preferable that the effective case depth of the preform be less than 0.7 mm with 
respective to the reference Vickers hardness (Hv) of 550. In the case of using such the preform, it is likely that the con- 
tact surface of tiie finished pulley cannot exhibit the aimed wear and abrasion resistance and other desired properties. 
[0034] It is preferable tiiat the shot-peening be conducted using an air-shot peening machine at a peening pressure 

45 of not less than 0.2 MPa and shots having a particle diameter of 0.03 to 0.2 mm and a Vickers hardness (Hv) of not less 
than 750 at a load of 200 g. By conducting the shot-peening process, it is possible to mass-produce a great nunU>er of 
the pulleys each including the contact surfaces having the increased wear and abrasion resistance in an industrial 
scale. In the shot-peening process, it is not preferable that the peening pressure be less than 0.2 MPa. If the shot-peen- 
ing is conducted at the peening pressure of less than 0.2 MPa. the hardness of ttie outer-most portion of the outer sur- 

50 face and the compressive residual stress thereof are sometimes likely to be offset from the at)Ove-described desired 
range. In addition, various granular or spherical materials having the above-described hardness and particle diameter, 
typically steel balls, may be used as the shots. It is not preferable to use the shots having tiie particle diameter out of 
the above-described range. In the case of using the shots having a particle diameter of smaller than 0.03 mm. the 
kinetic energy of the shots is less. In the case of using the shots having a particle diameter of greater than 0.2 mm. the 

55 velocity of the shots is much lower. In both of the cases, tiie surface hardness and the compressive residual stress of 
the outer surface of tiie pulley obtained do not always lie in tiie above-described desired range. 
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Exqmpleg 

f. 

[0035] The present invention is described in more detail by way of examples by referring to the accompanying draw- 
ings. However, these examples are only illustrative and not intended to limit a scope of the present invention. 

5 

Example 1 

[0036] A pulley half was prepared according to the following procedures. A workpiece made of SCr420H (chromium 
steel) prescribed in the Japanese Industrial Standard (JIS) G 4052 was cut, hot-forged and subjected to rough-finishing 

10 so as to be formed into a generally pulley half-shaped preform explained in the above embodiment. The thus-obtained 
preform was subjected to heat treatment. In the heat treatment, the preform was carburized at a temperature of 920 ''C 
in an atmosphere having a cartx>n potential (Cp) of 0.9% for 16 hours. The Cp represents the atmosphere composition 
capat>le of balancing the cart>on content of a steel upon the carburizing. Subsequently, the carburized preform was sut>- 
jected to diffusion at a temperature of 920 ^"0 in an atmosphere having Cp of 0.7% for 2 hours. TTie diffused preform 

15 then was cooled at a temperature of 840 ''C. quenched in an oil having a temperature of 80 ^"0 and then tempered at a 
temperature of 170 **C for 2 hours. The heat-treated preform was ground with a machining allowance of 0.2 mm so as 
to be provided with the outer circumferential surface acting as the contact surface. The grinding was conducted such 
that the outer circumferential surface of the preform had the centerline average roughness (Ra) of 0.12 ^m after grind- 
ing as indicated in Table. 

20 [0037] The thus-formed outer circumferential surface of the preform was then subjected to shot-peening using an z""^, 
air shot-peening machine and steel balls as shots. The steel balls had a particle diameter of 0.05 mm and a VIckers 
hardness (Hv) of 750 at a load of 200 g. The air shot-peening machine had a peening nozzle having an opening diam- 
eter, of 5 mm. The peening air pressure was 0.5 MPa and the peening time was 180 seconds. The distance between 
the nozzle and the outer circumferential surface of the preform was set to 100 mm. In order to conduct substantially uni- 

25 form peening onto the outer circumferential surface of the preform, the preform was rotated and at the same time the 
nozzle was reciprocally moved between positions where the opening of the nozzle was directed to the radial inner and 
outer perii3heries of the outer circumferential surface of the preform, respectively. The pulley half was thus produced. 
[0038] Next, the thus-produced pulley half was subjected to measurements for surface hardness, surface rough- 
ness, compressive residual stress, effective case depth, and surface microstructure. The surface hardness was meas- 

30 ured on the outer-most surface of the pulley half that was provided by buff -abrading off by 3 to 5 |im. and represented 
by a Vickers hardness (Hv) at a load of 200 g. The surfece microstructure was measured using a scanning electron 
microscope (SEM) as explained later. 

[0039] Then, a pulley including the thus-produced pulley halves as the fixed and moveable ones was subjected to 
an endurance test and measurement for depth of wear after the ertdurance test Conditions of the endurance test were 
35 as follows. 

input speed : 4000 rpm 

input torque: 30 kgf-m 

transmission gear ratio: 1 .0 

40 test time : 200 hours 

lubricating oil: "NISSAN CVT FLUID NS-r produced by Showa Shell Sekiyu Co.. Ltd. 

Examples 2 and 3 

45 [0040] Pulley halves were produced in the same manner as described in Example 1 except that the centerline aver- 
age roughness (Ra) after grinding were 0.36 ^m and 0.48 pm. respectively. The thus-produced pulley halves were 
measured in the same manner as described in Example 1 . respectively. Pulleys including the thus-produced pulley 
halves were tested in the same manner as described in Example 1 , respectively. 

so Example 4 

[0041] A pulley half was produced in the same manner as described in Example 1 except that the centerline aver- 
age roughness (Ra) after grinding was 0.33 and the particle diameter of the steel balls was 0.1 mm. The thus-pro- 
duced pulley half was measured in the same manner as desaibed in Exan^pile 1 . A pulley including the thus-produced 
55 pulley halves was tested in the same manner as described in Example 1 . 
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Example 5 

[0042] A pulley half was produced in the same manner as described in Example 1 exc^t that the centerline aver- 
age roughness (Ra) after grinding was 0.31 m"^ and the peening air pressure was 0.25 MPa. The thus-produced pulley 
5 half was measured in the same manner as described in Example 1 . A pulley including the thus-produced pulley halves 
was tested in the same manner as described in Exanrple 1 . 

Examples 6 and 7 

10 [0043] Pulley halves were produced in the same manner as described in Example 1 except that the centerline aver- 
age roughness (Ra) after grinding were 0.33 \im and 0.1 1 ^irn, respectively, and the particle diameter of the steel balls 
was 0.03 mm. The thus-produced pulley halves were measured in the same manner as described in Exanrple 1 , 
respectively. Pulleys including the thus-produced pulley halves were tested in the same manner as described in Exam- 
ple 1 , respectively. 

IS 

[0044] A pulley half was produced in the same manner as described in Example 1 except that the workpiece was 
made of SCM420H (chromium molybdenum steel) prescribed in the JiS G 4052, the centerline average roughness (Ra) 
20 after grinding was 0.34 \um and the particle diameter of the^steel balls was 0.2 mm. The thus-produced pulley half was 
measured in the same manner as described in Example 1 . A pulley including the thus-produced pulley halves was 
tested in the same manner as described in Example 1. 

Exarrmie 9 

25 

[0045] A pulley half was produced in the same manner as described in Example 1 except that the workpiece was 
made of SCM420H prescribed in the JIS G 4052 and the centerline average roughness (Ra) after grinding was 0.35 
ixm. The thus-produced pulley half was measured in the same manner as described in Example 1. A pulley including 
the thus-produced pulley halves was tested in the same manner as descrtoed in Example 1 . 

30 

Comparative Example 1 

[0046] A pulley half was produced in the same manner as descrbed in Example 1 except that the centerline aver- 
age roughness (Ra) after grinding was 0.33 ^m and the ground preform was not subjected to the sufc)sequent shot- 
35 peening. The thus-produced pulley half was measured in the same manner as descrit^ed in Example 1 . A pulley includ- 
ing the thus-produced pulley halves was tested in the same manner as descrit>ed in Example 1 . 

Comoaratrve Example 2 

40 [0047] A pulley half was produced in the same manner as described in Example 2 except that the workpiece was 
made of SCM420H prescrbed in the JIS G 4052. the centeriine average roughness (Ra) after grinding was 0.3 ^m. the 
particle diameter of the steel balls was 0.5 mm and the peening air pressure was 0.5 MPa. The thus-produced pulley 
half was measured In the same manner as described in Example 1 . A pulley including the thus-produced pulley halves 
was tested in the same manner as described in Example 1 . 

45 [0048] The results of the measurements and test of Examples 1 to 9 and Comparative Examples 1 and 2 are shown 
in Table. 
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Table 







Surface 
Roughness 

After 
Grinding 

Ra (vun) 


Shot-peening 
Conditions 


Particle 
Diameter 
(nun) 


Peening 

Air 
Pressure 
(MPa) 


Example 1 


SCr420H 


0.12 


0.05 


0.5 


Exeunple 2 


SCr420H 


0.36 


0.05 


0.5 


Example 3 


SCr420H 


0.48 


0.05 


0.5 






U - Jo 


0.1 


0.5 


Example 5 


SCr420H 


0.31 


0.05 


0.25 


Example 6 


SCr420H 


0.33 


0.03 


0.5 


Example 7 


SCr420H 


0.11 


0.03 


0.5 


Example 8 


SCM420H 


0.34 


0.2 


9.5 


Example 9 


SCM420H 


0-35 


0.05 


0.5 


Comparative 
Example 1 


SCr420H 


0.33 






Comparative 
Example 2 


SCM420H 


0.3 


0.5 


0.5 
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Table (continued) 





Outer-most 
Surface 
Hardness 
Hv (2Q0g) 


Surface 
Roughness 


Compre s s i ve 
Residual 
Stress 
(MPa) 


Ra ( pm ) 


Ky tpm; 


Example 1 


920 


0 . 15 


0. 78 


-1270 


Example 2 


930 


0 .33 


1.99 


-1220 


Example 3 


930 


0 . 45 


2 . 44 


-1180 


Example 4 


880 


0.38 


2.17 


-1080 


Example 5 


890 


0.29 


1.88 


-1030 


Example 6 


950 


0.38 


1.95 


-1380 


Example 7 


970 


0.12 


0.72 


-1050 


Example 8 


860 


0.31 


1. 74 


-1250 


Example 9 


910 


0.31 


1.74 


-1250 


Comparative 
Example 1 


730 


0.33 


1.91 


-530 


Comparative 
Example 2 


790 


0.55 


2.91 


-900 
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Table ( con t Inued ) 





Errectxve 
Case Depth 
(mm) 


Surface 
Micros t rue t vire 


Wear Depth 

After 

Endurance 


Example 1 


0.82 


random 
Irregularities 




Example 2 


0.81 


ditto 


0 


Example 3 


0.75 


ditto 


0 


Cixampxe 4 






1 
X 


Example 5 


0.82 


ditto 


1 


Example 6 


0.79 


ditto 


0 


Example 7 


0.83 


ditto 


0 


Example 8 


0.95 


ditto 


2 


Example 9 


0.91 


ditto 


0 


Comparative 
Example 1 


0.78 


circumferential 
grinding traces 


12 


Comparative 
Example 2 


0.99 


random 
irr e gular i ties 


9 



o 
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[0049] It was recognized from Table that each of the pulleys obtained in Examples 1 to 9 had the considerably 
increased wear and abrasion resistance while the pulleys obtained in Comparative Examples 1 and 2 had the reduced 
wear and abrasion resistance. This is because the pulley half of Coniparatlve Example 1 was not subjected to the shot- 
peening to thereby be inferior in surface hardness and compressive residual stress to the pulley halves of Examples 1 
to 9. Also, the pulley half of Comparative Example 2 was treated by the shot-peening under inadequate conditions, i.a, 
the larger particle diameter of shots, so that the pulley half of Comparative Example 2 had the increased surface rough- 
ness and the reduced surface hardness as compared with the pulley halves of Examples 1 to 9. 
[0050] Fig. 2 is a contour map showing the three-dimensional microstructure of the outer surface of the pulley half 
obtained in Example 1 as an example of the microstructure thereof indicated in Table. 

[0051] The microstructure was measured using the SEM, ERA-8000 manufoctured by Efionix Co.. Lid. The pulley 
half to be measured was cut into a piece having such a size as to be accommodatable in a vacuum chamber of the 
apparatus. The cut test piece was subjected to ultrasonic cleaning with n-hexane, and then measured under an accel- 
erating voltage of 10 kV at a magnification of x 500. 

[0052] The contour map of Fig. 2 was prepared by measuring data of the three-dimensional microstructure of the 
surface of the test piece at intervals of 0.6 fim in each of longitudinal and transverse directions thereof. Namely, the con- 
tour map covers the range of 0.6 \im x 300 lines (s180 ^m) in an ordinate axis and 0.6 ^m x 400 data (^=240 \im) in an 
abscissa axis. 

[0053] In Rg. 2. red*colored portions indicate large-height projections on the surfece of the test piece; yellow por- 
tions indicate intermediate-height projections; and green-, blue- and dark blue-colored portions indicate valley portions. 
A color strap below the title "HEIGHT-COLOR** shows a relationship between height and color in which the highest red 
color indicates a position higher by 0.793 ^m than a reference position and the lowest dark blue color incficates a posi- 
tion lower by 1 .045 pm than the reference position. 

[0054] As seen from Fig. 2, the outer surface of the pulley half obtained in Example 1 had random fine in^egularities. 
Further, it was confirmed that the outer surfaces of the pulley halves obtained in other Examples of the present invention 
also had the same fine structure as that of Example 1 . 
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[0055] As be apparent from the above explanation, since the contact surface 6i the pulley of the present invention 
has the predetermined surface roughness, i.e.. Ra of 0.1 to 0.5 jim and Ry of 0:6 to 2.5 ^m. the predetermined hard- 
ness, i.e.. Hv of not less than 850 at the outer-most surface, and the predetermined compressive residual stress, i.e.. 
not less than 1 GPa at the outer-most surface, the contact surface of the pulley can exhibit the excellent wear and abra- 
5 sion resistance and endure even upon high-torque engine operation. This can provide a belt-driven pulley having a 
compact size and also a continuously variable transmission using the pulley that has a reduced size as a whole. 
[0056] This application is based on Japanese Patent Application No. 10-3101 11. filed on October 30, 1998. the 
entire oontents of which, inclusive of the specification, claims and drawings, are hereby incorporated by reference 
herein. 

10 [0057] Although the invention has been described above by reference to a certain embodiment of the invention, the 
invention is not limited to the embodiment described at>ove. Modifications and variations of the embodiment described 
above will occur to those skilled in the art. in light of the above teachings. The scope of the invention is defined with 
reference to the following claims. 

15 Claims 

1 . A pulley for use with an endless metal belt, comprising: 

pulley halves rotatable about an axis and relatively moveable in a direction of the axis, said pulley halves 
so including truncated conical portions symmetrically opposed to each other and outer surfaces disposed on said 

truncated conical portions so as to be engageable with the endless metal belt, said outer surfaces being axially 
opposed to each other and sloped relative to the axis, said outer surfaces having a centerline average rough- 
ness (Ra) of 0.1 to 0.5 fxm and a Vickers hardness (Hv) of not less than 850 at a load of 200 g. 

25 2. A pulley as claimed in claim 1 . wherein said outer surfaces have a surface roughness of a maximum height (Ry) of 
0.6 to 2.5 ^m. 

3. A pulley as claimed in claim 1 . wherein each of said outer surfaces has a compressive residual stress of not less 
than 1 GPa at an outer-most portion thereof. 

30 

4. A pulley as claimed in daim 1 , wherein each of said outer surfaces has a Vickers hardness (Hv) of not less than 
850 at a depth of 3 to 5 ^m from an outer-most portion thereof. 

5. A pulley as claimed in claim 4. wherein each of said outer surface has a Vickers hardness (Hv) of not less than 900 
35 at the depth of 3 to 5 nm from the outer-most portion thereof, 

6. A pulley as claimed in claim 1 , wherein each of said outer surfaces have a microstructure with random irregularities 
in which recesses and projections are randomly located. 

40 7. A continuously variatsle transmission, comprising: 

an input shaft; 
an output sfiaft; 

a first pulley disposed op said input shaft, said first pulley including first truncated conical portions symmetri- 
45 catly opposed to each other and a first contact surface disposed on said first truncated conical portions; 

a second pulley disposed on said output shaft, said secorKi pulley including second truncated conical portions 
symmetrically opposed to each other and a second contact surfoce disposed on said second truncated conical 
portions; and 

an endless metal belt connecting said first pulley and said second pulley, said endless metal belt including a 
so surface engaged with said first contact surface and said second contact surface; 

at least one of said first contact surfece and said second contact surface having a centerline average rough- 
ness (Ra) of 0.1 to 0.5 pm and a Vickers hardness (Hv) of not less than 850 at a load of 200 g. 

8. A continuously variable transmission as claimed in claim 7, wherein said at least one of said first contact surface 
55 and said second contact surface has a surface roughness of a maxinnum height (Ry) of 0.6 to 2.5 ^m. 

9. A continuously variable transmission as claimed in daim 7, wherein said at least one of said first contact surface 
and said second contact surface has a compressive residual stress of not less than 1 GPa at outer-most portions 



BNSOOCID: <EP__^0997e70A2_l_> 





EP0997 670A2 



thereof. 

10. A continuously variable transmission as claimed in datm 7, wherein said at least one of said first contact surface 
and said second contact surface has a Vickers hardness (Hv) of not less than 850 at a depth of 3 to 5 from an 

5 outer-most portion thereof. 

11. A continuously variable transmission as claimed in daim 7, wherein said at least one of said first contact surface 
and said second contact surface has a Vickers hardness (Hv) of not less than 900. 

10 12. A continuously variable transmission as claimed in daim 7, wherein said at least one of said first contact surface 
and said second contact surface has a microstructure with random in-egularities in which recesses and projections 
are randomly located. 

13. A continuously variable transmission as daimed in daim 7, wherein each of saki first arxJ second pulleys indudes 
75 pulley halves rotatak)le about an axis and relatively moveeible in a direction of the axis, said pulley halves including 

axially opposed outer surfeces that define each of said first and second contact surteces. 

14. A process for making a pulley induding a contact surface, comprising: 

20 forming a preform from a workplece made of alloy steel that contains at least manganese (Mn) and chromium 



(Cr): 

subjecting the preform to carburizing-quenching and tempering so as to have an effective case depth of not 
less than 0.7 mm with respect to a reference Vickers hardness (Hv) of 550 at a load of 200 g; 
grinding the preform to provide an outer surface; and 
25 shot-peening the outer surface of the preform to provide the contact surface with a centerline average rough- 

ness (Ra) of 0.1 to 0.5 ^m and a Vickers hardness (Hv) of not less than 850 at a load of 200 g. 

1 5. A process as claimed in claim 14. wherein said shot peening is conducted using an air-shot peening machine at a 
peening pressure of not less than 0.2 MPa and shots having a partide diameter of 0.03 to 0.2 mm and a Vickers 
30 hardness (Hv) of not less than 750 at a load of 200 g. 
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cally opposed to each other and outer surfaces 
disposed on the truncated conical portions so as to be 
engageable with the belt. The outer surface ot each pul- 
ley half has a centerline average roughness (Ra) of 0.1 
to 0.5 nm, a Vickers hardness (Hv) of not less than 860 
at a load of 200 g, and a microstructure with random fine 
irregularities in which a great number of recesses and 
projections are randomly located. A continuously varia- 
ble transmission including the pulley is also disclosed. 



nG.i 




Q. 

UJ 



Printed by Xerox (UK) Business Services 
2.16.7 (HR3}/3.6 



(Cent next page) 



/ 

BNSEXDCID: <EP_O907e7OA3_L> 




BNSDOCID: <EP 0997670A3 l,> 



2 



EP 0 997 670 A3 



European Patent 

onioe 



EUROPEAN SEARCH REPORT 



EP 99 12 1492 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of itocument with indicalion, whaie 
0* fotevant paaaanea 



Relevant 
to ctoifn 



CLASSmCATIOMOFTHE 
APPUCATWII <im.CtT) 



PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 558 (M-1493). 

7 October 1993 (1993-10-07) 

& JP 05 157146 A (TOYOTA MOTOR CORP), 

22 June 1993 (1993-06-22) 

* abstract * 

& JP 05 157146 A (TOYOTA) 
22 June 1993 (1993-06-22) 

* column 3; figures 6,7 * 

GB 1 523 431 A (VOLVO CAR BV) 
31 August 1978 (1978-08-31) 

* page 3, line 65 - line 75 * 

PATENT ABSTRACTS OF JAPAN 

vol. 010, no. 105 (M-471), 

19 April 1986 (1986-04-19) 

& JP 60 238234 A (TOYOTA JIDOSHA KK), 

27 November 1985 (1985-11-27) 

* abstract * 

& JP 60 238234 A (TOYOTA) 
27 November 1985 (1985-11-27) 

PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 284 {M-1421), 

31 May 1993 (1993-05-31) 

& JP 05 010405 A (TOYOTA MOTOR CORP), 

19 January 1993 (1993-01-19) 

* abstract * 

& JP 05 010405 A (TOYOTA) 
19 January 1993 (1993-01-19) 

* column 4; figure 8 * 

-/— 



1,2,4-8. 
10-15 



F16H61/00 
F16H55/56 



1.2,4-8, 
10-15 



14,15 



TECHMICAL FIELDS 
flBARCHED IMJCLli 



1,2,4-8. 
10-13 



F16H 



The present searet« report IMS bean drawn up lor an claims 



PlHMOf MMMh 

THE HAGUE 



D>to of oompMtan ot MMBh 

28 August 2000 



Goeman, F 



3 



2 



CATEQORY OF OTCD DCXXIMENTS 

X : paiticularV ntovant if uksf) alon» 

Y : punaMmrtf relevant IT oofnbiiwd with anolhar 

d ocaifiy itortho wiw categoty 
A * teehnoiojta>l b B Cfcg r ouwdl 
O : n ooHiwm OT diBClosurg 

P ! MSfVIMdlAtt dOCUflMMl 



T : th»o«yorpf1ncf)l*und«fVing th* invantion 
E : 9am9r p«t«nl documarn, bu pi^Httwd en, or 

after th0 filing data 
O : dooumem cited in the application 
L : doctinsnt cited tor other veaMna 

A : inerrtMr of the eame patent lamly, corraapondino 



3 



BNSDOCID: <EP 0997e70A3.J.> 



EP 0 997 670 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppllcMlon Numbi 

EP 99 12 1492 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catagory 



P.A 



Citation ol document witti indicatioa imI«<« 
et relgvant passagas 



PATENT ABSTRACTS OF JAPAN 

vol . 012, no. 179 (M-701), 

26 May 1988 (1988-05-26) 

& JP 62 288763 A (TOYOTA MOTOR CORP), 

15 Oeceniber 1987 (1987-12-15) 

* abstract * 

6 JP 62 288763 A (TOYOTA) 

15 October 1987 (1987-10-15) 

EP 0 889 262 A (NISSAN MOTOR) 

7 January 1999 (1999-01-07) 

* column 7 * 



US 4 781 660 A (AMATAKA ATSUSHI 
1 November 1988 (1988-11-01) 
* table 1 ♦ 



ET AL) 



PATENT ABSTRACTS OF JAPAN 
vol. 1998. no. 01. 
30 January 1998 (1998-01-30) 
& JP 09 229150 A (NISSAN MOTOR CO LTD), 
September 1997 (1997-09-02) 



abstract * 
JP 09 229150 A (NISSAN) 
September 1997 (1997-09-02) 



PATENT ABSTRACTS OF JAPAN 

vol. 012, no. 045 (M-667), 

10 February 1988 (1988-02-10) 

& JP 62 196444 A (TOYOTA MOTOR CORP), 

29 August 1987 (1987-08-29) 

* abstract * 

& JP 62 196444 A (TOYOTA) 
29 October 1987 (1987-10-29) 



The predant search report has been drawn up for aJI claims 



THE HAGUE 



Oxis of oofflpisflcin ol tfw smicH 

28 August 2000 



Relevant 
to daim 



14 



CLASSIFICATION OF THE 
APFUCATION (tfttCt.7) 



TECHNICAL FIELDS 
SEARCHED (tnt^.T) 



Goeman, F 



CATEQORY OF OTED DOCUMENTS 

X : pvtieuleiv reltvant N taken alone 

Y : paniouiarty reisvara i cemMmd Mm anottMr 

documant of ttM Mme ectegocy 
A : t*chnolo8tcftl tMCfcground 
O: non-w it!to n diactoeure 
P: 



T : ttwoiy orprindpto underlying itie inventton 
E :Mriier patent ^oument. but piAillitiBd on, or 



D : doeumeni cttad in ttte appflcaoen 
L : docunent cit«d for other r»aeon» 



& : member of the eame patent family, eorreeponding 
docu m ent 



BNSDOCID: <EP 09S7670A3J_: 



4' 



EP 0 997 670 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCATION NO. EP 99 12 1492 



This annex lists the patent temily memtwrs relating to the patent documents citad in the above-mentioned European seaich feport 
The members are as contained in the European Patent Office EDP file on 

The European Patent Off toe is in no way liable tor these parttculais which are merely given for the puipoee of information. 

28-08-2000 



Patem document 




.PubUcatton 




Patent family 


* *■ — 
rnJiMcauon 


cited in search report 




date 




memliefts) 


date 


JP 05157146 


A 


22-06-1993 


JP 


2973666 B 


08-11-1999 


GB 1523431 


A 


31-08-1978 


NL 


7606421 A 


16-12-1977 








CH 


622323 A 


31-03-1981 








DE 


2726613 A 


22-12-1977 








FR 


2355211 A 


13-01-1978 








IT 


1115348 8 


03-02-1986 








JP 


53001747 A 


10-01-1978 










Ai7nn9 R 


lO— Ut— 1»IJ1 








SE 


7706653 A 


15-12-1977 


JP 60238234 


A 


27-11-1985 


NONE 






JP 05010405 


A 


19-01-1993 


NONE 






JP 62288763 


A 


15-12-1987 


JP 


2063015 C 


24-06-1996 








JP 


7101062 B 


01-11-1995 


EP 0889262 


A 


07-01-1999 


JP 


11013847 A 


22-01-1999 








US 


6068564 A 


30-05-2000 


US 4781660 


A 


01-11-1988 


NONE 






JP 09229150 


A 


02-09-1997 


NONE 






JP 62196444 


A 


29-08-1987 


NONE 








i - 

9 

Si l^r more details about this armex: see Orricial Journal of the European Patent Office. 12/82 



5 



BNSDOCID: <EP 0997670A3J_> 



o 



